Despite the fact that in the knowledge economy successful clusters depend upon their ability to attract and retain skilled and innovative workers there has been surprisingly little written about the role of labour mobility in clusters. The majority of cluster research has concentrated on the role of inter-firm linkages, venture capital, supporting institutions, sophisticated consumers, infrastructure, etc. in helping to create a dynamic local milieu supportive of innovation and knowledge creation. Whilst focusing on such topics and actors has yielded enormous amounts of fascinating results it must be complemented by an understanding of the working lives that populate these areas. This paper makes an attempt to better understand working lives and workers in clusters by looking at the issue of the extent to which the mobility of workers in an area can be seen as an important basis for the capacity of firms in clusters to grow and learn. In particular, we address the issue of how the dynamics of labour mobility links different aspects of cluster, and how labour mobility can be seen to be a key channel through which skills and knowledge are transferred between firms and in, and into, clusters.
"Labour Market Dynamics and the Development of the ICT Cluster in the Stockholm Region."
Introduction
Despite the fact that in the knowledge economy successful clusters depend upon their ability to attract and retain skilled and innovative workers there has been surprisingly little written about the role of labour mobility in clusters. The majority of cluster research has concentrated on the role of inter-firm linkages, venture capital, supporting institutions, sophisticated consumers, infrastructure, etc. in helping to create a dynamic local milieu supportive of innovation and knowledge creation. Whilst focusing on such topics and actors has yielded enormous amounts of fascinating results it must be complemented by an understanding of the working lives that populate these areas. This paper makes an attempt to better understand working lives and workers in clusters by looking at the issue of the extent to which the mobility of workers in an area can be seen as an important basis for the capacity of firms in clusters to grow and learn. In particular, we address the issue of how the dynamics of labour mobility links different aspects of cluster, and how labour mobility can be seen to be a key channel through which skills and knowledge are transferred between firms and in, and into, clusters.
The basic idea in this paper is that knowledge and learning most commonly develop through interactions located in the workplace. It is in the context of working life and the spaces we work in -offices, laboratories, factories, etc. -that we perhaps most often interact, see new ideas and learn new things. If this is true then the flow of people in and out of working life and in and out of particular places may be important channels and sources for knowledge and innovation. Labour mobility can take many forms: migration from one local labour market to another; movement between firms or workplaces in the same area; changing from one position to another within the same organisation. Whatever the exact form it takes, the move of an individual potentially also results in a transfer of embodied knowledge from one place to another in the economy.
Studying labour market mobility is nothing new and there is a long tradition within the social sciences of studying the conditions for and the effects of labour mobility. In labour market economics, mobility has primarily been analysed in the context of industrial restructuring and wage adjustments (Burgess et al. 2000) . In sociology, focus has often been on career behaviour and the impact of networks on the labour market (Furåker 1985; Granovetter 1995; Thålin 2002) . In geography, labour mobility has typically been directly related to the study of migration, both internationally and between regionally (Eliasson et al. 2003) . However, the idea that labour mobility plays an important role in the transfer of knowledge, especially in the local and regional economy is more recent. This new interest in labour market dynamics can be traced to several research areas. It is related to a renewed interest in local and regional agglomerations in economic geography (Storper 1995; Malmberg 2002 ) and neoclassical economics' revived interest in models of the geographical concentration of economic activity (Krugman 1991; Fuijta et al. 1999; Krugman 2000) . In economics, the renewed interest for labour mobility is linked to new growth theory and its emphasis on human capital and knowledge formation, and the localized spill over of knowledge (Fornahl et al. 2005) . Lastly, it is related to the success of the cluster concept in alerting business studies and strategists to the role of places in industrial and firm competitiveness (Porter 1990; Sölvell et al. 1991) .
In this paper we outline some of the theory and findings that support the idea that labour mobility is crucial to clusters. After this we attempt to demonstrate our point by using the example of labour market mobility relations in one of the most prominent industrial clusters in Sweden: the Stockholm information and communication technology (ICT) cluster.
To do this we use a unique data set that allows one to trace the course of every individual in the Swedish labour market in the period 1990-2000. In particular, we focus on a segment of highly educated/highly paid workers in the Stockholm labour market and analyse their mobility and careers in relation to rapid rise of the Stockholm ICT cluster. The analysis is guided by the following questions: Was the ICT cluster in the Stockholm region characterized by a higher level of mobility, compared to other parts of the region's economy? To what extent was labour mobility in the ICT cluster sensitive to different phases of the business cycle? Was mobility between the different parts of the ICT cluster higher than between the cluster and the rest of the economy? The basic idea tested in the empirical part of this paper, then, is idea that one of the features of an internationally competitive and knowledge driven industrial cluster is a dynamic and flexible labour market.
Labour mobility, local knowledge, and clusters
High degrees of labour mobility can be considered to be desirable for many reasons. Mobility helps in processes of structural transformation and adjustment: for instance, between declining industrial sectors and expanding ones. In this sense, labour mobility, both within and between labour markets, is basically a matching process where resources and competences continuously are reorganized. This matching process most often takes place within the framework of increasingly segmented labour markets (Martin and Morrison 2003) .
These sub markets are to a large degree separated, in the sense that mobility is between them is substantially lower that within them. The emergence of more segmented labour markets is in many countries part of a long term transformation into information and knowledge based economies, where specialist competences become more important.
Mobility is also important for companies' supplies of competences and their adjustment to technological development and new demand. The idea that local labour markets are important for the formation and duration of industrial agglomerations has a long history.
Marshall posits it as one of the three main reasons for the development of industrial districts (Marshall 1920) , and it is an integral part of Weber's treatment of agglomeration forces in his theory of location (Weber [1909 (Weber [ ]1957 . It is also discussed as an important building block in modern theories cluster competitiveness (Porter 1998; Malmberg 2002) . Common to such theories is the idea that the local supply of skilled and specialized labour is one of the preconditions for the specialization and dynamism that clusters/agglomerations are defined by.
A more recent approach to the importance of local labour markets is based on the observation that physical proximity between firms, and other relevant institutions (like universities, R&D units, etc), enhances the flow of labour between local economic agents and that seems to be an important source of knowledge spillovers. Indeed it is likely that labour mobility, especially if it is local, will speed up the process of knowledge dissemination between firms and institutions, and thereby enhance innovation, learning and upgrading in local areas. Fosfuri, et al. find that technological spillovers from foreign direct investment arise when a local firm later hires workers trained by a multinational firm (Fosfuri et al. 2001) . This is of course of particular importance in the case of highly educated knowledge workers (researchers, specialists, engineers, programmers, etc.) moving between different employers or between workplaces in the local economy (Song et al. 2003) . As already mentioned, this mechanism for knowledge creation and spillover has been relatively understudied. Breschi and Malerba point to the need to develop this line of ideas further:
"Among the critical conditions for sparking off the growth of a new cluster, the availability of a highly skilled labour force and of university-trained human capital has been identified as one of the most important factors. If the existence of a pool of skilled workers is a key ingredient for successful clusters, the localized mobility of people (either among firms or from existing firms, universities and public research centres to new firms) is equally relevant. The mobility of skilled workers represents, in fact, the crucial source of new firm formation as well as the main mechanism through which technical and market knowledge flows locally.
These remarks suggest, therefore, that the working of regional labour markets (and more specifically, the labour markets for technical, managerial and academic employees) is a very promising area, which deserves more careful study, both with reference to nascent and to established clusters. (Breschi and Malerba 2001) p. 821)
Knowledge can, of course, come in many forms and for firms and local competitiveness it seems that tacit knowledge is of particular importance (Feldman 2000; Gertler 2003 ). Tacit knowledge is by nature impossible to codify and easily communicate, and thus tends to be carried or embodied in the individual. Since tacit knowledge is difficult to articulate and often highly subjective, it is transferred most effectively through regular face-to-face interaction.
Labour mobility is, of course, not the only mechanism through which tacit knowledge spills over between firms and organizations: other important channels are regular business contacts, new start-ups, networking between firms, multiple affiliations, joint projects, etc. However, being an employee is, usually, a far deeper connection and relation to a firm than irregular meetings. Moreover new employees moving into firms opens the possibility not just for the spread of tacit knowledge but, through the immediacy of face-to-face interaction, the possibility that new combinations of knowledge are created at the level of the workplace or the firm (Basant 2002 ).
Labour mobility is, in theory, not just about new resources and knowledges coming into the firm but also about creating and cementing links between firms, workplaces, and institutions: links that are developed in the workplace as well as in other interactive arenas.
Indeed labour mobility often links to a wider sense of mobility and interaction that characterises those that work in successful clusters. As Saxenian notes of the working culture in Silicon Valley:
They move from established firms to start-ups (or vice versa) and even to market research or consulting firms, and from consulting firms back into start-ups. And they continue to meet at trade shows, industry conferences, and the scores of Whilst labour mobility may in the long run benefit the cluster, and the development of technologies and knowledge in general, high levels of mobility may not always be so positive for individual people and firms: mobility has its price then for individual firms (Almeida and Kogut 1999; Lawson 1999; Dahl 2002) . For firms the turnover of staff does not only mean the introduction of new competences and ideas but also involves investments in training and adjustment periods that can be costly to ongoing projects and existing workplace cultures.
Indeed there are possible diseconomies involved with 'hyper' or 'excessive' mobility: it can result in extra costs for younger firms; it can act as a disincentive for investment in skills upgrading; it can lead to poaching of and competition for workers that undermines inter-firm trust; it can drain away skilled workers from fledgling firms, weaker regions and weaker firms. Studies exist that suggest that staff turnover is considerably higher in larger urban areas and that this can be a problem for certain types of firms that happen to be located in such areas (Orkan 1972) ; this tendency has been noted to be especially true for ICT firms (Carnoy et al. 1997; Lawton-Smith and Waters 2003) .
In certain cases mobility can also spread vital information to firms' competitors. When leaving for another employer, the individual brings with her not only specific competences and skills but sometimes also long-standing business relations, customers and strategic business information. If trade secrets are weakly protected by law, firms are especially vulnerable to losing valuable information when competitors hire employees. Ronde shows that it is more profitable to reduce the information sharing by giving employees different information than by giving some employees more information than others (Ronde 2001) .
Labour mobility and labour turn over is, thus, for most firms (and for public institutions) to a large extent a question of a trade off between, on the one hand, getting the benefits of bringing in new skills, competences and contacts into the firm, and on the other, of paying the price of losing skilled persons, and sometimes even losing control over firm specific know-how (Tomlinson and Miles 1999; Tomlinson 2002; Madsen et al. 2003) . However, as Lewis and Yao note, employee turnover is often high in knowledge-driven industrial markets despite each firm's interest in restricting knowledge flows resulting from employee departures (Lewis and Yao 2003) .
At the level of the individual mobility is also a double-edged process. On the one hand it often widens his/her career opportunities, allows them to learn new things and normally increases incomes (Cooper 2001; Dahl 2002) . But mobility also has its price for the individual mover since there are economic, familial and social costs involved in moving from one place and settling in another. In the European context the high personal costs and commitments needed to move into new cultures and even language groups can be a strong disincentive to mobility. The many faces of labour mobility make processes of political and social regulation (Peck 1996; Rauhut and Falkenhall 2005) important issues for the future development and welfare of not only clusters and firms but also regions and individuals.
Studying labour mobility in local areas
Whilst there is compelling evidence for thinking that labour mobility is important learning and adaptation in clusters until very recently there have been few empirical studies focusing on this issue. In general this is probably due to the problems associated with accurately, or even approximately, tracking employment changes and mobility in clusters. working lives in great detail has lead to a number of studies on the role of mobility in cluster development (Dahl 2002; Dahl and Pedersen 2003; Power and Lundmark 2004) .
The rest of this paper builds on these earlier studies, in particular our own work on . In studying a cluster it is also important to make some sort of distinction between different activity areas and foci within the cluster. In the results presented below, the ICT sector is divided into three different sub sectors: manufacture of ICT products; wholesale and distribution of ICT products; and ICT services (see Table 1 ).
As already mentioned the study presented here focuses on the labour mobility of highly educated and skilled workers. The idea behind this narrowing of our focus is that it is likely this kind of labour contributes the most to innovative activity and competitiveness in a knowledge driven localized cluster. We decided upon the use of a double criterion to define this group: educational attainment and income. Two criteria were used because, especially in the case of the ICT cluster, formal education is not the only valid indicator of knowledge and skills. High pay is a relatively good indicator that a person is considered particularly valuable/successful in their work (Dahl and Pedersen 2003) . In operational terms this group is defined as those having more than three years of third-level/university education or the top 30 per cent best paid employees. The latter criteria also mean that self employed persons are not included in the empirical analysis (apart from the overall picture given in Tables 1 and 2 ).
The ICT cluster in Stockholm
Throughout the 1990s the ICT sector in Stockholm grew rapidly. Centred on the high profile Kista Science Park and a number of large Swedish and foreign firms the ICT thrived.
Despite difficulties in measuring the exact parameters of a cluster and even with the usefulness of the concept itself ( In other words it became clear to many people that Stockholm was not merely home to a large number of disassociated ICT firms but to a set of complementary and interlinked firms and institutions that had developed a shared consciousness and identity as an industrial cluster and system. This development was fuelled by many different factors and inputs (both public and private) and the generally high levels of success enjoyed by the firms in the cluster, until the bubble eventually started deflating at the very end of the 1990s, had a range of powerful effects on the city and region. Not least of these was an influx of people into the city and the growing sector, and an increasing dependence on ICT as the core driver of Stockholm's labour market and industrial profile (Birkinshaw 1998; Birkinshaw 2000) .
In Table 1 the general parameters of this booming cluster story can clearly be seen.
The year 2000 was in many ways the peak of a sustained period of fast growth. The cluster's story is in stark contrast to the economic picture in the rest of the economy during the same period. In particular, the first half of 1990s was characterized by one of the worst economic recession in Sweden since the 1930s. Between 1990 and 1995 the number of employees on the Stockholm labour market fell by 9.5 per cent giving rise to high unemployment. After 1995 the economy recovered considerably, and employment increased by 14 per cent 1995-00. Against this background the ICT cluster continued to grow steadily and buck the region's predominant trends; with employment reaching 61,000 in 1995 and 89,000 in 2000. Source: Databases PLACE and GEOMETRO/Statistics Sweden.
As can be seen from Table 1 It is not only, however, in the area of employment growth that the cluster proved to be at odds with the rest of the regional economy. In the period it had a labour force that was predominantly male, younger, better educated, and higher earning than the rest of the LLM (see Table 2 ). When we look only at those with high education and/or high income (50% of ICT employees, 30% of rest of LLM's employees) we can find that these differences are further accentuated. school (9 years) or two years senior high school; Medium = three years senior high school or two years university; High = at least three years of university education. ** Income from paid work in hundreds of SEK.
Source: PLACE/Statistics Sweden.
Labour mobility in the Stockholm ICT cluster
In this section we directly address the following three questions: Was the ICT cluster in the Stockholm region characterized by a higher level of mobility, compared to other parts of the region's economy? To what extent was labour mobility in the ICT cluster sensitive to different phases of the business cycle? Was mobility between the different parts of the ICT cluster higher than between the cluster and the rest of the economy?
Turning to the first of these questions we find that the simple answer to the question is: yes, the cluster had comparatively higher rates of mobility than the rest of the local economy. In Table 3 the likelihood of changing employer is estimated for the sub sectors of the ICT cluster and for other branches of manufacturing, trade and business services in the rest of the economy in two time periods (the recessionary early1990s and boom period of [1995] [1996] [1997] [1998] [1999] [2000] . These are then compared to mobility among the rest of the employees on the Stockholm labour market. The calculations have been limited to persons with high education and/or high income, and each model only includes persons being active on the Stockholm labour market in both periods. In the models we control for age and sex. What is clear from Table 3 is a surprisingly uniform and stable pattern. In both periods the likelihood of having changed employer is significantly higher if you belonged to the ICT cluster than if you worked in other manufacturing, trade or service areas of the Stockholm economy. However, in the economic upturn period of 1995-2000 the difference between cluster members and other employees became more pronounced. In line with the growing emphasis on the service sector in the cluster mobility was highest in services; followed by manufacturing and trade.
The regressions in Table 3 also highlight differences between age groups: mobility decreased with age. This is perhaps not startling as diminished mobility with age has been found in many other studies of labour mobility, regardless of what section of the labour market focused (Jansson 1997 ). When we turn to men and women we find that the differences are negligible in the second period but fairly strong in the first period. In other words, during the recession years male mobility was significantly higher but as soon as the situation on the labour market improved during the difference seemed to disappear.
The results of the regression analysis point in the direction of higher rates of mobility for employees within the ICT cluster, independent of individual characteristics like age and sex. Furthermore this conclusion seems to hold true regardless of up or downturns in the economy and on the labour market as a whole. Labour mobility in the ICT cluster is thus relatively immune to different phases in the general economy's business cycle. However, as we see below the particular character of mobility within and into the cluster is highly sensitive to different phases in the business cycle and adjustment processes the cluster itself is undergoing.
We now turn to the question of mobility within the ICT cluster by concentrating on labour mobility between the different sectors of the ICT cluster between 1995-2000. In As could be seen in Table 1 , employment in ICT manufacturing decreased by 1.6 per cent during the second half of 1990s. This is also reflected in Figure 1 where outflows of workers to other sectors were significantly higher than inflows. The largest flow in numbers (rather than percentages) in this period was from ICT manufacturing to the ICT The overall picture in Figure 1d supports the idea of a cluster of interrelated and systemically related activities; a conclusion that also could be drawn for the period 1990-1995 (see Power & Lundmark, 2004 , p.1037 . There is also an obvious net flow from the other sectors, including universities/R&D departments and the rest of the labour market, into the rapidly growing ICT service sector. Major inflows into the growth pole of the cluster originate from the other two ICT sectors. The intensity of the mobility relations between the different parts of the ICT cluster was higher than the intensity of mobility between the cluster and the rest of the economy. These patterns give credence to the idea that there is a 'proximity of competences' between the three ICT sectors and that this in turn is a good indicator of a coherent and dynamic cluster at work.
In Figure 1 , the analysis is confined to the individuals that remained on the Stockholm labour market between 1995 and 2000, showing the internal flows of labour on the local labour market. In Table 4 the analysis is extended to the inflows of persons not previously employed (coming, for example, out of education or from unemployment) or persons employed outside the Stockholm labour market. The ICT trade sector is close to the general picture displayed by the total labour market, but both ICT manufacturing and ICT services deviate from the general pattern. In ICT manufacturing a larger share of those employed in 2000 recruits of persons who were not active on the labour market in 1995. Although we cannot distinguish between individuals coming directly from education or from unemployment, there is good reason to believe, given that we focused on highly educated/highly paid employees, that the majority of individuals in this category had a university degree or valuable skills. Again, this points to the particularly strong links between ICT manufacturing and the university system in the region: a symbiosis which developed over a much longer period of time, in comparison to the other 'younger sectors of the ICT cluster.
In the case of the recruitment of labour from outside the Stockholm region we can see further evidence of the magnetic effect of growing activity areas/sectors since inflows and immigration played a more significant role in ICT services. This is probably to some extent explained by the remarkable growth and exceptional demand for labour that took place in the Stockholm Internet sector towards the end of 1990s. However, as the bubble burst after 2000 the situation was reversed and it became extremely difficult for 'outsiders' who were not part of the established networks within the business to get access to new jobs (Jansson 2005 ), pp148-150).
Conclusions
The results presented in this paper go some way in empirically verifying the idea that labour market mobility is significantly higher in growing clusters than in the rest of the urban economy. The evidence from the Stockholm ICT cluster clearly shows that high rates of mobility into growing clusters occur and that the cluster was characterized by higher levels of mobility than other parts of the region's economy. In addition, it can be seen that labour mobility within the cluster followed the developmental path, or life cycle, of the cluster. In the Stockholm case intra-cluster mobility was focused on supplying the growing ICT services element of the cluster. This backs up the idea that mobility within clusters is heavily involved in structural adjustment and transformation processes. The fact that the most highly educated and earning individuals had the highest rates of mobility in the cluster and that their mobility was much more oriented towards flows into the growth sector of the cluster supports the idea that key knowledge workers are at the forefront of such transformations. This gives some support to the idea that labour mobility is a key channel for knowledge and skills upgrading in growth areas.
Such findings give some indication to the central role labour mobility seems to play in cluster growth and dynamics; as well as in how clusters secure new talent and embodied knowledge. It is important then that cluster research continues to investigate the role of labour market mobility in creating not just the conditions for innovation and knowledge creation but also the channels for the spread and diffusion of knowledge and innovation within clusters and firms in clusters. The findings presented in this paper suggest that labour mobility could be seen as a key marker or indicator for not only the parameters and definition of specific clusters but also for a series of dynamic transformation and knowledge processes that may explain the development of successful clusters. Our hope is that cluster research of all types -whether it is focused on large scale datasets, qualitative studies, or cluster theory -will continue to explore how working lives, careers, and labour contribute to the development of clusters.
